The International Food Policy Research Institute (IFPRI), established in 1975, provides evidence-based policy solutions to sustainably end hunger and malnutrition and reduce poverty. The Institute conducts research, communicates results, optimizes partnerships, and builds capacity to ensure sustainable food production, promote healthy food systems, improve markets and trade, transform agriculture, build resilience, and strengthen institutions and governance. Gender is considered in all of the Institute's work. IFPRI collaborates with partners around the world, including development implementers, public institutions, the private sector, and farmers' organizations, to ensure that local, national, regional, and global food policies are based on evidence.
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INTRODUCTION
The promotion of cooperatives is widely viewed as the most important institutional arrangement for spurring dairy development in India. Indeed, much of the success of the White Revolution in India is attributed to the cooperative framework of the country's dairy development strategies. The cooperatives have been found to strengthen farmers' bargaining power to ensure more competitive prices for both inputs and outputs, reduce transaction costs, improve information symmetry, and improve agrofood safety and quality standards (Trebbin, 2014; Jia et al., 2012; Moustier et al., 2010; Hellin et al., 2009; Markelova et al., 2009; Valentinov, 2007; Holloway et al., 2000) . The Indian government has made efforts to accelerate the systematic promotion of dairy cooperatives through financial and policy support, especially after the launch of Operation Flood in 1970. The network of dairy cooperatives has expanded considerably since then, and in 2015/16, about 16 million dairy farmers (approximately 20 percent of the total dairy farmers in the country) were associated with 180,000 dairy cooperative societies. Nonetheless, the spread of dairy cooperatives in India has been uneven, and its potential in the context of globalized markets is often questioned. Earlier studies in India suggest that farmers' participation in dairy cooperatives led to a significant increase in milk production and yield, decrease in the cost of milk production, reduction in the transaction costs of accessing inputs, information, technology, and markets, and a realization of higher prices and profits (Birthal et al., 2007 (Birthal et al., , 2009 (Birthal et al., , 2017 Kumar et al., 2011a; Kumar et al., 2011b; Kumar, 2010; Stockbridge et al., 2003; Berdegue, 2001; Singh and Pundir, 2000; Shukla and Brahmankar, 1999; Candler and Kumar, 1998; Singh, 1996; Mergos and Slade, 1987; Singh and Das, 1984; Lele, 1981) . A few studies indicate that cooperative membership also has a significant impact on compliance with food safety measures (FSM) (Kumar et al., 2011b; Kumar et al., 2013 Kumar et al., , 2017a Vandeplas et al., 2013; Gupta and Roy, 2012; Narrod et al., 2009; Roy and Thorat, 2008) . However, in examining the impact of dairy cooperative membership, most of the studies did not take any measures to correct for sample selection bias and thus may give biased results. Further, most of the studies are based on crosssectional data. This paper aims to contribute to the growing literature on the role of dairy cooperatives by identifying the factors that influence dairy farmers' decisions to join a dairy cooperatives and by estimating the impact of dairy cooperative membership on milk yield , net returns per liter, and compliance with FSM. The study uses panel data from 148 dairy farmers in Bihar, one of the most important milk producing states in India, for empirical analysis.
We model the farmer's choice to join a dairy cooperative as a selection process, where the expected higher net returns to the cooperative members drive farmers' decisions of choosing to join. This study uses an endogenous switching regression approach to account for sample selection bias (Lokshin and Sajaia, 2004) . This approach allows us to analyze both the determinants of cooperative membership and the impact of membership on farm performance indicators, such as milk yield, net returns, and compliance with FSM. The results show that dairy co-operative membership has a positive and significant effect on milk yield, net returns and compliance with FSM. Further, income gains brought about by dairy co-operatives is greater for small-scale farmers, indicating pro-poor tilt of dairy co-operatives.
The remainder of the study is structured as follows: Section 2 gives an overview of the dairy sector and dairy cooperatives in Bihar. Section 3 presents the data and the corresponding descriptive statistics.
Section 4 presents the analytical methods, and Section 5 discusses the empirical results. Section 6 provides conclusions and policy implications of the study.
DAIRY SECTOR IN BIHAR
With a population of about 104 million, Bihar is the third-most populated state in India, after Uttar Pradesh (200 million) and Maharashtra (114 million). It has one of the lowest per capita incomes and highest incidences of poverty. Dairy is an important income-generating activity for the rural poor in
Bihar, comprising about 31 percent of the state's agricultural gross domestic product (AGDP) and contributing about three-fourths of livestock GDP (Hoda et al., 2017) . Currently, Bihar is one of the major milk-producing states in India, contributing about 5.3 percent of national milk production.
Production of milk in the state increased from 2.4 million tonnes in 2000/01 to 8.3 million tonnes in 2015/16, registering a compound annual growth rate of 6.5 percent. Milk production in Bihar is dominated by smallholder dairy farms. The average herd size is small, with a few buffalo, dairy cows, or both, and the herd is reared in a system that is closely integrated with crop production. In 2013, about 93 percent of milk producers were marginal or small-having less than 2 hectares of land-and together contributed about 90 percent of the total milk production in the state (Kumar et al., 2017b) .
Cattle and buffalo are the main milch species, contributing about 98 percent of the state's milk production (Table 2 .1)-the remaining 2 percent is contributed by goats. Buffalo compose 38 percent of in-milk animals in Bihar and contribute 39 percent of state milk production. Crossbred cattle compose 20 percent of the in-milk animal population and contribute 31 percent of milk production.
Indigenous cattle, with a 36 percent share of the population, contribute 28 percent of Bihar's milk output. The average milk yield of buffalo and cattle in Bihar is low but has shown significant improvement in recent years. Milk marketing has remained a largely with informal sector in Bihar. Milk is marketed through the highly-fragmented sector that includes local milk vendors, wholesalers, retailers, and neighboring consumers. These informal milk market agents handle about 74 percent of marketed milk in the state (Kumar, 2010; Kumar et al., 2017b) . The processing capacity of the organized dairy sector has been bolstered by improvements, but these advancements are inadequate to handle the marketed surplus generated in the state. These figures suggest that there is considerable scope for the organized sector to participate in milk markets in the state.
DATA AND DESCRIPTIVE STATISTICS
The panel data for this analysis is based on the primary data collected at the farm level in two roundsfirst in 2007 and then 2015-in Bihar. In both rounds, we collected data using a thoroughly pretested questionnaire and trained enumerators. We purposively selected the Patna district of Bihar. This district is well known for milk production and the presence of different milk marketing regimes (i.e., dairy cooperatives, informal traders, and the private sector corporate dairy) (Kumar et al., 2011a) . Patna district contributed about 6 percent of the total milk production of Bihar in 2014 (http://www.sudha.coop, accessed on 07th July, 2017). In 2007, three blocks were selected randomly from Patna district, and from each selected block, three villages were randomly selected (Appendix performed a descriptive analysis of the 43 households that became members during the study period (Table 3 .1). We assumed that these households had randomly decided to be cooperative members based on unobservable characteristics, but the small sample size preclude us from any econometric analysis to support this assumption. There has been a significant increase in milk production. We found that the net return per liter more than doubled after acquiring dairy cooperative membership, due to higher milk yield.
The average household milk production increased from 3. 
METHODOLOGY Adoption of Food Safety Practices at Farm Level
To assess the adoption status of FSM at the farm level, this study identified 42 measures being practiced to ensure milk safety. These measures were related to the control of chemical and microbiological
hazards. To make a comparative assessment of the adoption status of FSM compliance, we developed an index of adoption of food safety practices (FSI) based on weighted scores that align with different components of food safety. Weighted scores were computed as follows: The 42 practices being followed by the dairy farmers were grouped under four categories-animal health, hygienic milking, hygienic storage, and maintenance of hygienic premises, including the surrounding environment. These four categories were accorded weights of 0.25, 0.35, 0.20, and 0.20, respectively, based on their relative importance in ensuring milk safety and in consultation with scientists working on milk safety issues (Kumar et al., 2011b (Kumar et al., , 2017a . The number of practices being followed in each category was multiplied by the respective weight and summed across all categories to obtain a weighted score reflecting the adoption level of food safety practices. The FSI for ith farm was represented by equation (1):
where is the weight assigned to the jth FSM category, and is the proportion of food safety measures practiced in each category. These weights sum to one, and the FSI ranges between 0 and 1.
Impact of Dairy Cooperatives on Farmers' Performance: Endogenous Switching Regression
Our variable of interest, membership in dairy cooperatives, is based on individual selections and may be correlated with unobservable characteristics, such as a farmer's ability or extent of motivation, which could also have effect on their performance in dairy farming. A simple comparison of members and nonmembers can provide misleading results that attribute differences in the performance of cooperative and independent producers. To account for both endogeneity and sample selection, we use an endogenous switching regression (ESR) framework to estimate the parameters. We account for the endogeneity of the association with cooperative members by estimating a simultaneous equations model with endogenous switching by full information maximum likelihood (FIML). The decision to be a cooperative member is voluntary and may be based on individual self-selection. The dairy farmers associated with cooperatives may have inherently different characteristics from the nonmembers, and may have decided to be a cooperative member based on the expected benefits. We specify the selection equation for association with a cooperative as * = + with = { 1 if
That is, a dairy farmer will opt to be a cooperative member ( = 1), if * > 0, where * represents the expected benefits of being with a member of cooperatives compared to nonmembers.
Here, X is a vector of variables that determine the dairy farmer's association with a cooperative.
These variables include the dairy farmer household's characteristics (e.g., age, gender, education, household size, land size, herd size, dependency ratio, experience in dairy farming, share of dairy income, per capita income, animal value, condition of animal shed, training on livestock, and share of crossbred animals etc.). In the second step, based on the results of the selection function, two regime equations are specified explaining the outcomes of interest (milk yield, net return per liter, and adoption of FSM). The relationship between a vector of explanatory variables X and the outcome Y can be represented by = f( ). Specifically, the two regimes are represented as follows:
where is the outcome of interest (e.g., milk yield, net return per liter, or FSI) in regimes 1 and 2, and represents a vector of the explanatory variables discussed above. Finally, the error terms are assumed to have a trivariate normal distribution, with zero mean and covariance matrix. If the estimated covariance between and 's ( 1 and 2 , respectively) are statistically significant, then association with a cooperative member and the milk yield, net return per liter, or FI score are correlated. The 1 and 2 are the transformation of the correlation between the errors from the equation 3. Using this method, we found evidence of endogenous switching and rejected the null hypothesis that sample selectivity bias was absent. This model is defined as a "switching regression model with endogenous switching" (Maddala and Nelson, 1975) .
In this model, it is very important to use selection instruments. The selection of instrumental variables should directly affect the selection variable but not the outcome variable. In this study, we used caste as a selection instrumental variable. We established the admissibility of the instruments by performing a simple falsification test: if a variable is a valid selection instrument, it will affect the dairy farmers'
households that have an association with a dairy cooperative, but it will not affect the outcome variable of the dairy farmers' households that are not associated with a dairy cooperative (Appendix Table A .3).
In addition to using the endogenous switching regression model, we calculated the dairy farmers' TT: the effect of the treatment (i.e., cooperative member) on the treated (i.e., dairy farm households are not cooperative members). TU: the effect of the treatment (i.e., cooperative member) on the untreated (i.e., dairy farm households are not cooperative members). BH i : the effect of base heterogeneity for dairy farm households that are cooperative members (i = 1), and not associated with cooperative members (i = 2). TH = (TT -TU) (i.e., transitional heterogeneity).
We also defined the "the effect of base heterogeneity" for the group of dairy farm households that decided to become a cooperative member as the difference between (a) and (d). For the group of dairy farm households who decided not to be a cooperative members, the effect of base heterogeneity was defined as the difference between (c) and (b) (Carter and Milon, 2005) .
Lastly, we examined the "transitional heterogeneity" (TH)-namely, whether the effect of a cooperative membership on the outcome variable is larger or smaller for the dairy farm households that are cooperative members than for the households that are not cooperative members in the counterfactual case (i.e., the difference between TT and TU). Tables 5.1 In the next section, we first discuss the determinants of dairy cooperative membership based on the selection equations in Tables 5.1-5.3. We then discuss the impact of cooperative membership on milk yield, net returns, and compliance with FSM. Finally, Table 5 .4 presents the estimates for the average treatment effects on the treated (ATT).
RESULTS AND DISCUSSION

Determinants of Dairy Cooperative Membership
The results of the participation equation given in the third column of Tables 5.1-5.3 suggest that the drivers of dairy farming households' decisions to become cooperative members include herd composition, milk production, caste affiliation, household size, and per capita income. A higher share of crossbred animals, higher milk production, and belonging to a general caste category positively influence the households' decisions to become members of dairy cooperatives. But per capita income and herd size are found to have a negative influence on the probability of becoming cooperative members. The probability of participation in dairy cooperatives increased significantly between 2007 and 2015, as indicated by the positive and significant coefficient of the year dummy variable. Land size, age, gender, the household's dependency ratio, and the regional location variables do not significantly affect the probability of belonging a member of the dairy cooperatives. 
Milk Yield Effects
The fourth column (OLS approach) of Table 5 .1 investigates the effect of cooperative membership on milk yield. This approach suggests that there is a significant difference in the milk yield between members and nonmembers of dairy cooperatives. The coefficient of the member dummy variable is positive and statistically significant. However, the OLS approach assumes that membership to a cooperative is exogenously determined, while it is endogenously determined. Therefore, using the OLS approach here will lead to biased and inconsistent estimates. Further, the OLS-derived estimates do not account for structural differences between the outcome variables of cooperative members and their counterparts. To correct for these weaknesses, the results presented in the first and second columns of Table 5 .1 provide estimates for endogenous switching in the milk-yield function. The estimated coefficient of correlation ( ) is not statistically significant in either function. This finding suggests that we failed to reject the null hypothesis that sample selectivity bias was absent in both equations.
Nevertheless, we found a difference between the coefficient of the milk-yield function in members of dairy cooperatives and their counterparts, indicating the presence of heterogeneity in the sample. The milk yield is significantly higher for cooperative members than for nonmembers.
Landholding had a positive effect on the milk yield for nonmember farmers. The herd size, year, and share of dairy in household income also positively associated with milk yield for nonmember dairy farmers. For cooperative dairy farmers, herd size and per capita income is positively associated with the milk yield, whereas, landholding had a negative effect on milk yield.
Net Return Effects
The fourth column (OLS approach) of Table 5 .2 investigates the effect of cooperative membership on net return. As mentioned earlier, this approach suggests that there is a significant difference in the net return between members and nonmembers of dairy cooperatives. The coefficient of the member dummy variable is positive and statistically significant. The estimated coefficient of correlation ( ) is not statistically significant in either function. However, we found a difference between the coefficient of the net return function in members of dairy cooperatives and their counterparts, indicating the presence of heterogeneity in the sample. The scale of milk production and year had a positive effect on the net return for nonmember farmers. For cooperative dairy farmers, the share of dairy income and year are positively associated with the net return.
Food Safety Adoption Effects
Similarly, the fourth column of Table 5 .3 investigates the effect of cooperative membership on food safety index score. The coefficient of the member dummy variable is positive and statistically significant.
The estimated coefficient of correlation ( ) is not statistically significant in either function. This finding suggests that we failed to reject the null hypothesis that sample selectivity bias is absent in both equations. Nevertheless, we found a difference between the coefficient of the food safety index function in members of dairy cooperatives and their counterparts, indicating the presence of heterogeneity in the sample. The adoption of FSM is significantly higher for cooperative members than for nonmembers.
Years of education has a positive effect on the adoption of FSM for nonmember farmers. The value of livestock assets and the scale of milk production is also positively associated with adoption of FSM for
nonmember dairy farmers. The share of crossbred animals, share of dairy income, and training in livestock has a negative impact on food safety adoption for nonmembers. For cooperative dairy farmers, the scale of milk production is positively associated with FSM adoption. Table 5 .4 presents the expected value of milk yield, net return per liter of milk, and adoption of FSM under actual and counterfactual conditions. Cells (a) and (b) represent the expected value of outcome variables. The expected values for milk yield for members of dairy cooperatives was higher than for nonmembers. This simple comparison, however, could be misleading in attributing the different values of milk yield to cooperative membership. The last column of the first panel in Table 5 .4 presents the treatment effects of cooperative membership on milk yield at the farm level. In the counterfactual case (c), dairy farmers who became cooperative members would have lower yield by 1.16 liters per day if had they not become members. The positive mean difference of (d) and (b) elicits a similar conclusion:
Treatment Effects
nonmember dairy farm households would have increased the milk yield of their cattle by 0.27 liters per day if they had become members. However, the transitional heterogeneity effect for milk yield is positive, meaning the effect is bigger for cooperative dairy farm households with respect to nonmember dairy farming households.
The impact of cooperative membership on net return per liter is also positive and significant. Milk producing households gained from being associated with cooperative; their mean net return per liter was 37 percent higher than it would have been if they had not become cooperative members. The positive mean difference of (b) and (d) indicates that the nonmember households would have had higher net returns per liter (38 percent) if they had become members.
Similarly, the expected level of FSM adoption for members (0.43) of dairy cooperatives was higher than for nonmembers (0.39). The last column of the third panel in Table 5 .4 presents the treatment effects of cooperative membership on adoption of FSM at the farm level. In the counterfactual case, dairy farmers who became cooperative members would have lower compliance with FSM 4 percent more than if they had not been members. Nevertheless, nonmember dairy farm households would have had 3 percent higher adoption levels of FSM had they been members.
To gain further understanding of the impact of cooperative membership on different groups of farmers, we also examined the differential impact of membership by dividing households into quantiles based on farm size (Appendix Table A .4-A.6) . Table 5 .5 shows that the marginal farmers operating on less than 1 hectare of land turned out to be the greater beneficiaries of dairy cooperative membership. Note: *** , ** , and * indicate 1, 5 and 10 percent levels of significance, and ns represents "not significant."
CONCLUSION
This paper examines the factors that influence dairy farmers' decisions to become members of milk cooperative societies, and the impact of cooperative membership on milk yield, net returns per liter, and adoption of food safety measures. The study used farm-level panel data collected from a randomly selected sample of 148 households. Simple comparisons of average milk yield, net returns per liter, and food safety adoption revealed significant differences between members and nonmembers of dairy cooperatives. Since these comparisons are merely descriptive and do not account for confounding factors that affect the differences, we employed an endogenous switching regression model, which accounts for both observed and unobserved factors to consider the issue of selection bias. The results revealed that sample selection bias would result if the outcome specifications were estimated without considering the membership decision.
The empirical results showed a positive and significant relationship between dairy cooperative membership and milk yield, net returns per liter, and adoption of FSM. In particular, association with a dairy cooperative society tends to increase milk yield by 1.4 liter per day, net return by 24 percent, and adoption of FSM by 10.3 percent. The estimates, differentiated by farm size, revealed that the income gains brought about by dairy cooperative membership were higher for small-scale farmers. This finding suggests that dairy cooperatives can play a significant role in enhancing the household income of smallholder dairy farmers. The study also revealed that dairy cooperatives have the potential to enhance milk yield and net returns and improve farmers' compliance with food safety measures. Therefore, the government should further strengthen and promote the expansion of dairy cooperatives in India. Note: Robust standard errors in parentheses. ᶺ denotes dummy variable *** p < 0.01, ** p < 0.05, * p < 0.1.
APPENDIX
